1. Introduction
===============

Lung cancer is a leading cause of cancer-related morbidity and mortality worldwide.^\[[@R1]\]^ Non-small cell lung cancer (NSCLC) accounts for 80% of lung cancer cases, including adenocarcinoma, squamous cell carcinoma, and large cell carcinoma.^\[[@R2]\]^ Although treatments have improved significantly in recent years, the prognosis of patients with NSCLC remains poor.^\[[@R3]\]^ Therefore, further elucidation of the molecular mechanisms underlying tumorigenesis, invasion, and metastasis is required to develop an efficient strategy for the therapy of NSCLC.

MicroRNAs (miRNAs) are part of a class of 21 ∼ 25 nucleotides of noncoding RNAs that are known to post-transcriptionally regulate gene expression by binding to their 3′-untranslated region (3′UTR).^\[[@R4]\]^ Previous studies have reported that miRNAs are involved in cell proliferation, growth, apoptosis, and differentiation.^\[[@R5]\]^ MiRNAs act as oncogenes and tumor suppressors by regulating the expression of key molecular cellular proliferation, growth, apoptosis, and mobility.^\[[@R6]\]^ Emerging evidence indicates that miRNAs may play a critical role in cancer and could serve as biomarkers, depending on the tumor type.^\[[@R7]\]^

miR-335 has been demonstrated to play the antitumor role in several cancer types, including colorectal cancer, gastric cancer, bladder cancer, thyroid cancer, osteosarcoma, clear cell renal cell carcinoma (ccRCC), hepatocellular carcinoma (HCC), and breast cancer.^\[[@R8]--[@R15]\]^ Previous study found that miR-335 expression was reduced in NSCLC tissues relative to noncancerous adjacent tissues. Furthermore, downregulation of miR-335 in A459 lung cancer cells promoted cell proliferation through upregulation of Tra2β, mediated via activation of the AKT/mTOR signaling pathway, suggesting that miR-335 might have potential as a novel therapeutic target for NSCLC.^\[[@R16]\]^ In the present study, we aimed to investigate the clinical significance and prognostic value of miR-335 in NSCLC.

2. Materials and methods
========================

2.1. Clinical tissue samples
----------------------------

This research was approved by the department of Ethics Committee of Lianyungang First People\'s Hospital. And all patients had written informed consent. The lung cancer tissues and adjacent nontumor lung tissues were obtained from 131 patients who underwent the primary surgical resection at Lianyungang First People\'s Hospital. None of the patients with NSCLC received treatment (chemotherapy, radiotherapy, or target therapy) before surgery. Tissues were immediately frozen in liquid nitrogen after resection and stored at −80∘C. The pathological diagnosis for these tissues was conducted by 2 independent pathologists. The clinical and pathological data of all patients with lung cancer are presented in Table [1](#T1){ref-type="table"}.
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Correlation between miR-335 expression and clinical features in patients with NSCLC.
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2.2. Quantitative real-time PCR analysis
----------------------------------------

We used Trizol (Invitrogen) regent to isolate total RNA from tissues according to the manufacturer\'s protocol. First-strand cDNA was synthesized by reverse transcription of 500 ng of total RNA according to the manufacturers' protocol. Quantitative polymerase chain reaction (PCR) was synthesized according to the manufacturer\'s protocol at 95°C for 30 seconds, 95°C for 5 seconds, 60°C for 34 seconds, 95°C for 15 seconds, 60°C for 1 minute, and 95°C for 15 seconds, for 40 cycles. U6 was used for normalization of qRT-PCR data. All the experiments were performed 3 times independently. Data were analyzed using the comparative Ct method (2^−ΔΔCt^).

2.3. Statistical analysis
-------------------------

Student *t* test was used to distinguish differences between groups. *χ*^2^ test was involved for analysis of clinicopathological data. The overall survival was analyzed by the Kaplan-Meier method and the log rank test. Multiple Cox proportional hazards regression analysis was carried out to identify the independent factors that had a significant impact on patient survival. In this study, the data were analyzed using SPSS 18.0 (SPSS Inc., Chicago, IL) and GraphPad Prism (version 5.01; GraphPad Software, Inc, La Jolla, CA) statistical software. *P* \< .05 was regarded as significant.

3. Results
==========

3.1. The tissue expression level of miR-335 in NSCLC
----------------------------------------------------

We assessed miR-335 expression level in 131 NSCLC samples and paired noncancerous lung samples. The expression of miR-335 was significantly lower in NSCLC samples compared to noncancerous samples (*P* \< .001, shown in Fig. [1](#F1){ref-type="fig"}). We then divided 131 NSCLC patients into 2 groups according to miR-335 expression level. The cutoff point was the median expression level of miR-335 in NSCLC samples (low miR-335 expression group, n = 66; high miR-335 expression group, n = 65).

![The expression of miR-335 was significantly lower in NSCLC samples compared to noncancerous samples (*P* \< 0.001). NSCLC = non-small cell lung cancer.](medi-99-e21369-g002){#F1}

3.2. Correlation of miR-335 expression with clinicopathological characteristics of NSCLC
----------------------------------------------------------------------------------------

The associations of miR-335 expression with various clinicopathological parameters of NSCLC are summarized in Table [1](#T1){ref-type="table"}. The median expression level of miR-335 was used to classify the patients with NSCLC into two groups. The expression level of miR-335 was significantly correlated with tumor histology (*P* = .028), lymph node metastasis (*P* = 0.002), differentiation degree (*P* \< .001), and pathological TNM stage (*P* \< .001). However, no significant correlation was observed between miR-335 expression and other clinicopathologic characteristics of NSCLC, including age, sex, smoking history, and tumor size (all *P* \> 0.05).

3.3. Decreased miR-335 expression predicts the favorable prognosis of NSCLC
---------------------------------------------------------------------------

Using kaplan-Meier survival plots and log-rank analyses, we evaluated the association of miR-335 expression with overall survival of NSCLC patients. The log-rank test indicated that patients with decreased miR-335 expression experienced poor overall survival (*P* = .029, shown in Fig. [2](#F2){ref-type="fig"}). To determine the possibility of miR-335 as an independent risk factor for poor prognosis, both clinicopathological factors and the level of miR-335 expression were evaluated by multivariate Cox regression analysis. Results showed that the tumor histology (*P* = .038), lymph node metastasis (*P* = .011), differentiation degree (*P* = 0.009), pathological TNM stage (*P* = .007), and miR-335 expression level (*P* = .019) were independent factors in predicting the overall survival of NSCLC patients (shown in Table [2](#T2){ref-type="table"}).

![Kaplan-Meier survival plots and log-rank analyses indicated that patients with low miR-335 expression level experienced poor overall survival in non-small cell lung cancer (*P* = .029).](medi-99-e21369-g003){#F2}
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4. Discussion
=============

Previous study found that miR-335 expression was reduced in NSCLC tissues relative to noncancerous adjacent tissues. Furthermore, downregulation of miR-335 in A459 lung cancer cells promoted cell proliferation through upregulation of Tra2β, mediated via activation of the AKT/mTOR signaling pathway, suggesting that miR-335 might have potential as a novel therapeutic target for NSCLC.^\[[@R16]\]^ However, the clinical significance and prognostic value of miR-335 in NSCLC have not been investigated. In the present study, we aimed to investigate the clinical significance and prognostic value of miR-335 in NSCLC. We assessed miR-335 expression level in 131 NSCLC samples and paired noncancerous lung samples. The expression of miR-335 was significantly lower in NSCLC samples compared to noncancerous samples. We then divided 131 NSCLC patients into 2 groups according to miR-335 expression level. The associations of miR-335 expression with various clinicopathological parameters of NSCLC are investigated. The expression level of miR-335 was significantly correlated with tumor histology, lymph node metastasis, differentiation degree, and pathological TNM stage. Using kaplan-Meier survival plots and log-rank analyses, we evaluated the association of miR-335 expression with overall survival of NSCLC patients. The log-rank test indicated that patients with decreased miR-335 expression experienced poor overall survival. To determine the possibility of miR-335 as an independent risk factor for poor prognosis, both clinicopathological factors and the level of miR-335 expression were evaluated by multivariate Cox regression analysis. Results showed that the tumor histology, lymph node metastasis, differentiation degree, pathological TNM stage, and miR-335 expression level were independent factors in predicting the overall survival of NSCLC patients.

The prognostic value of miR-335 has also been investigated in other cancer types. For example, Wang et al found that cervical cancer patients with reduced tissue miR-335 level had shorter survival time, compared with those with high levels of miR-335 expression (*P* = .011, log-rank = 6.458). Through Cox regression, they found that miR-335 expression was associated with the survival of cervical cancer (RR = 0.251, 95% CI 0.095--0.663, *P* = .005), suggesting that lower tissue miR-335 expression resulted in poorer survival in patients with cervical cancer.^\[[@R17]\]^ Sandoval-Bórquez et al found that reduced miR-335 expression level was significantly associated with depth of invasion, lymph node metastasis, and poor prognosis in gastric cancer.^\[[@R11]\]^ Not only the expression of mir-335 in cancer tissues has prognostic value, but also the expression of mir-335 in serum has prognostic value. For example, Cui et al found that HCC patients had significantly lower miR-335 levels than hepatitis patients and healthy controls. Lower serum miR-335 levels were closely associated with more progressive clinical features, including a higher mean serum AFP level, more vascular invasion, cirrhosis, and larger tumor size. Response rates to transarterial chemoembolization were higher in patients with high miR-335 compared to those with low miR-335 level. Patients with lower serum miR-335 levels had significantly poorer prognosis than patients with higher serum miR-335 levels.^\[[@R18]\]^

The researchers also investigated the mechanism and regulatory network of mir-335 in other cancers. For example, Dong et al found that miR-335 was downregulated in breast cancer tissues, and miR-335 overexpression suppressed migration and invasion in MCF-7 and MDA-MB-231 breast cancer cells. Furthermore, EphA4 was a direct target gene of miR-335 and miR-335 suppressed breast cancer cell proliferation and motility in part by directly inhibiting EphA4 expression.^\[[@R12]\]^ Wang et al found that miR-335 inhibited colorectal cancer cells growth, migration, invasion, and epithelial-mesenchymal transition process. And miR-335 exhibited tumor suppressive effects possibly by inhibition of Twsit1 and thus inactivating NF-κB and Wnt/β-catenin pathways.^\[[@R10]\]^ Luo et al found that the expression level of miR-335 was downregulated in thyroid cancer. miR-335 was able to inhibits invasion and metastasis of thyroid cancer cells by targeting intercellular adhesion molecule 1.^\[[@R9]\]^ Liu et al found that miR-335 suppressed cell proliferation and migration by upregulating CT10 regulator of kinase-like protein (CRKL) in bladder cancer.^\[[@R8]\]^ Guo X et al found that the expression of miR-335 in osteosarcoma stem cells was lower than their differentiated counterparts. Furthermore, miR-335 negatively regulated osteosarcoma stem cell-like properties by targeting POU5F1, and miR-335 could target CSCs to synergize with traditional chemotherapeutic agents to overcome osteosarcoma.^\[[@R13]\]^ Wang K et al showed that the expression level of miR-335 was significantly downregulated in ccRCC tissues versus corresponding non-tumor tissues and the low expression of miR-335 was significantly associated with lymph node metastasis, larger tumor size, and poor T stage. Furthermore, miR-335 inhibited the proliferation and invasion of ccRCC cells through direct suppression of BCL-W.^\[[@R14]\]^ There are some limitation of the present study. First, we have not investigated the expression level of miR-335 in the serum of NSCLC patients, and its prognostic value. Second, we have not investigated the specific mechanism of miR-335 in NSCLC. In particular, the differences of its mechanism in different types of NSCLC.

In conclusion, the results of the present study indicated that miR-335 was down-expressed in NSCLC, and is associated with tumor progression and poor prognosis, suggesting that the expression of miR-335 might be an independent prognostic factor of overall survival in patients with NSCLC.
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